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A b s t r a c t
The paper  presents  the  results  of  Particle  Image Velocimetry  (PIV) measurements  of  the  velocity field 
of  a Newtonian  fluid  in  a mixing  tank  equipped with  a  PMT  type  impeller.  The  results  are  presented 
in the form of the velocity vectors, profiles and maps and compared with available data in the literature 
for the corresponding system, obtained from Laser Doppler Anemometry (LDA) measurements. A good 
qualitative  agreement of  the  results was  found.  In  the flow one primary  and  two  secondary  circulation 
loops  were  observed.  The  PMT  type  impeller  produced  a  typical  axial-radial  circulation  of  the  liquid 
in the vessel. The value of the circulation flow number, KC, was calculated.
Keywords: PIV, PMT impeller, velocity field, circulation flow number













initiated  by  rotating  impellers  takes  place. Because  of  the  large  number  of  commercially 




understanding  of  the  hydrodynamics  occurring  inside  the mixing  tank  and,  consequently, 
optimizing the mixing process.
In  this  study,  experimental  results  of  the  velocity field measurements  of  a Newtonian 
fluid  in a mixing  tank equipped with  the Prochem Maxflo T (PMT)  type  impeller will be 
presented. Extensive research for this type of the impeller was carried out by McFarlane and 
Nienow [1‒3]. The authors presented results for the hydrodynamics and power consumption 
in  two-phase  gas-liquid  bioreactors.  However,  in  those  cases  the  impeller  had  only  five 
blades. Research for stirred tank equipped with a six blade PMT impeller was carried out by 
Schell et al [4], Jaworski and Nienow [5] and Jaworski et al [6]. Schell et al [4], similarly 


















Particle  Image  Velocimetry  is  an  optical,  non-invasive  technique  which  is  used  for 











image  frames  allows  determination  of  the  displacement  vector  of  tracer  particles,  DX ,  
and the velocity vector, V,  (2).
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to the height H = T. A scheme of the studied system is shown in Figure 2.
Velocity measurements were taken in a vertical plane located at an angle of 45° between 
the baffles and in horizontal planes located at twelve different axial positions, every 10 [mm] 




The  water  flow  was  turbulent  and  the  value  of  the  Reynolds  number  for  mixing  was 
Re @ 24 800 [‒].












C= 3   (3)
In Eq.(3), the circulation flow rate, QC, is the maximum value of the volumetric primary 
flow  rate  occurring  in  a  stirred  tank, Eq.  (4), where  the  axial  and  radial  volumetric  flow 
rates, Qj (j = r, z), are described by Eq. (5a, b) with the assumption of the angular symmetry 
of  the flow. The volumetric flow  rates, Qj, were  computed  at  constant distances of  either 
z0 = 56  [mm] from the  tank bottom or r0 = 80  [mm] from the  tank axis  for  the axial and 
radial volumetric flow rates, respectively.
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In  Figure  3a,  the  radial  and  axial  mean  velocity  components  obtained  from  PIV 
measurements  are  graphically  presented  as  vectors  of  v v vrz r z= +( )2 2 ,   in  a  mid-plane 
between  two  neighbouring  baffles.  Based  on  the  directions  of  velocity  vectors  it  was 
found that one primary circulation loop, encompassing the rotating impeller, was observed 
in  the  flow  field.  There  were  also  two  secondary  circulation  loops,  induced  by  motion 
of  the  fluid  in  a  radial-axial  plane. The  primary  circulation  loop  spreads  from  the  center 
of  the  impeller  to  the  bottom  of  the  tank  occupying  a major  part  of  the  tank.  It  follows 
that  the  PMT  type  impeller  was  pumped  liquid  mainly  towards  the  bottom  of  the  tank 
and generated typically axial circulation of the liquid. The secondary circulation loops were 
formed above the impeller, at the free surface of the stirred liquid and underneath the impeller 
hub.  The  latter  one  had  a  conical  shape.    The  secondary  circulation  loops  were  smaller 
than the primary one and were characterized by a lower intensity.
In Figure 3b, vectors of mean velocity for the analogous system, obtained from the LDA 
measurements  [5]  are presented  for  comparison. Comparing  the vectors of mean velocity 
which are presented in Figs. 3a, 3b it was found that both methods of flow measurement ‒ 
PIV and LDA, gave qualitatively similar results ‒ the liquid was pumped down and created 
a  typical  axial-radial  circulation  and  one  primary  and  two  secondary  circulation  loops 
were identified. The difference that has been observed, refers to the height of the primary 





Vectors  of  the  radial-tangential  mean  velocity  obtained  from  PIV  measurements  in 
horizontal  planes  located  at  twelve different  axial  positions  in  the  stirred  tank  are  shown 
in Fig. 4. Each part of the figure shows 1/4 of the cross-sections between baffles, which are 
located  at  the  edges  of  the  sections. While  analyzing  the  velocity  vectors  in  the  cross- 





located  under  the  impeller  blades  only. Closer  to  the  bottom  of  the  tank,  the  radial  flow 





Fig.  3.  Vectors of mean velocity  in  a mid-plane between  two neighbouring  baffles: 
a) PIV measurement, b) LDA measurement [5]
131
Based  on  the  axial  velocity  distribution  in  the  vertical  mid-plane  between  two 
neighbouring  baffles,  the  profiles  of  the  dimensionless  axial  velocity  component  were 
plotted (Fig. 5).
The  axial  velocities were  standardized by  the  peripheral  velocity  of  the  impeller, vTIP. 
Subsequently, the values of the mean square deviation between the axial velocity component 
obtained  from  the  PIV measurements,  VZ , ,PIV   and  those  from  the  literature  [6]  data  for 
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Maps of  the mean velocity  in  a vertical plane  located at  an angle of 45° between  the 
baffles  (Fig.  6a)  and  in  a  horizontal  planes  located  at  twelve  different  axial  positions,  z, 
(Fig. 6b), obtained from PIV measurements, are presented in Figure 5. The average velocity 
took  values  in  the  range  from  0  to  0.5  [m/s],  reaching  a maximum value  just  below  the 
agitator  blades,  where  the  primary  circulation  started  form.  The  maximum  average 
velocity  value  was  about  two  times  smaller  than  the  vTIP.  Above  the  impeller  the  fluid 
velocity was significantly lower in the entire cross section of the mixing tank. In addition, 
at  the heights  from z = 70  to ‒10  [mm]  the velocity distribution  in  the cross  section was 
similar,  therefore  for  this  height  range  only  one map  of  the mean  velocity  is  presented, 
for z = ‒10 [mm]. At the heights z = ‒20 ÷ ‒50 [mm] the mean velocity of the stirred liquid 
rapidly  decreased  with  the  flow  moved  away  from  the  axis  of  the  tank. At  the  bottom 
of the vessel the maximum fluid velocity was close to v = 0.25 [m/s].














measurements was equal  to 4.2%.Moreover,  the value of  the circulation flow number, KC, 
was  calculated  and  compared  with  the  published  corresponding  number  calculated  from 
results of LDA measurements.
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